To clarify the immigration process of a phytophagous insect to a new habitat, I examined seasonal changes in the abundance and parasitism of larvae and pupae of a leafroller, Eudemis gyrotis (Meyrick) (Lepidoptera: Tortricidae), at both a new and an old plantation of the bayberry Myrica rubra Sieb. et Zucc. (Myricaceae) on Mt. Tanakami, Shiga Prefecture, central Japan, in 1999. E. gyrotis adults singly lay eggs on only young leaves of M. rubra, and their larvae feed on the leaves. Therefore, the young leaves of M. rubra are necessary for the occurrence of E. gyrotis larvae. The number of E. gyrotis larvae per tree was correlated with the amount of young leaves per tree. At the old plantation where E. gyrotis had already been found in 1998, the larval occurrence of E. gyrotis began in late May. At the new plantation, which was at a distance of ca. 600 m from the old plantation, E. gyrotis larvae had not occurred by late July, although there was an abundance of young leaves of M. rubra in late May. These findings suggest that E. gyrotis adults that had emerged from the old plantation in July immigrated to the new plantation and laid eggs on the plants there. The parasitoids that attacked E. gyrotis at the new plantation just after immigration were polyphagous. This suggests that those parasitoids switched hosts from other herbivore species to E. gyrotis. In spite of the attack by polyphagous parasitoids, the E. gyrotis population successfully established itself at the new plantation.
INTRODUCTION
To predict population dynamics of pest insects in a newly-created habitat, it is important to examine their immigration processes to new farmlands and forests. These processes are influenced by the mode of dispersion, which is itself affected by various biotic and abiotic factors (e.g., Stinner et al., 1983) . Insects utilizing a short-term habitat must constantly migrate in search of new habitats. However, even insects that utilize long-term habitats must migrate to escape from intraspecific competition and natural enemy pressures (Southwood, 1977) .
The immigration of insects to a new habitat may be influenced by the quality and/or quantity of the food resources in the old habitat, while the population establishment may be influenced by the presence of natural enemies in the new habitat (Ohsaki and Sato, 1990) . In particular for herbivorous insects, the presence of their host plants and parasitoids appear to influence immigration and population establishment in the new habitat, respectively (Ohsaki and Sato, 1990) . Furthermore, the host ranges of herbivores and their natural enemies are also influential in succeeding the immigration and establishment by the herbivores; host plants might be more important for specialist herbivores than for generalist ones, while generalist parasitoids might influence the herbivores more strongly than specialist parasitoids.
Eudemis gyrotis (Meyrick) (Tortricidae: Lepidoptera), whose larvae feed on the young leaves of Myrica rubra Sieb. et Zucc. (Myricaceae) , is a monophagous leafroller (Yasuda, 1969; Kawabe, 1982) . M. rubra, which is an evergreen broadleaved tree, is distributed in south-western Japan, South Korea, China, and Taiwan (Satake et al., 1989) . Since M. rubra has attracted attention for greening and soil erosion control in recent years, it has been frequently planted in warm-temperate regions of Japan (Fushimi, 1993) . On young trees of M. rubra, the density of E. gyrotis is frequently high (Sugiura and Osawa, 2001) , adversely affecting the early growth of M. rubra samplings.
The life history and parasitoid community of E. gyrotis have already been reported (Yasuda, 1969; Osawa, 2001, 2002 Osawa, 2001, 2002) . These parasitoids have been thought to be generalists rather than specialists, since they have been reported in other microlepidopteran hosts (Habu, 1960; Momoi et al., 1975; Yukinari, 1984; Mao and Kunimi, 1991; Ueno and Tanaka, 1994; Sugiura, S., unpublished data) .
To clarify the process of pest insect immigration to a new habitat, I clarified the population establishment of E. gyrotis at a new plantation by comparing the seasonal abundance and parasitism of E. gyrotis between a new and an old plantation of M. rubra.
MATERIALS AND METHODS
Study site. The study was carried out at two sites (a new and an old plantation) at the Sasamagatake Experimental Area (34°55ЈN, 135°56ЈE, 260-280 m above sea level; Fig. 1 ), on Mt. Tanakami, Shiga Prefecture, central Japan. The mean annual temperature was 12.4°C and mean annual precipitation was 1,411 mm during the years from 1976 to 1980 (Iwatsubo et al., 1982) .
At the old plantation (ca. 0.1 ha) in the spring of 1996, 274 M. rubra trees were transplanted to-400 S. SUGIURA (Sugiura and Osawa, 2001) . At the new plantation (ca. 0.1 ha), which was ca. 600 m away from the old one ( Fig. 1) , 120 M. rubra trees were transplanted together with Q. serrata and Q. glauca in March 1999. The average height of M. rubra was 57 cm (Nϭ120). No M. rubra grew around the old and new plantation, although many trees of other species (Pinus thunbergii Parl., A. pendula, and C. scoparius) were planted in the vicinity for erosion protection.
Sampling procedure. At the old plantation, all the leafrolls were collected from ten randomly selected plants of M. rubra at 2-wk intervals from May to October 1999 Osawa, 2001, 2002) . In the field and laboratory, I distinguished larvae and pupae of E. gyrotis from those of other lepidopteran species found at the site on the basis of morphological characteristics: black spots of the larval head capsule (Yasuda, 1969) and the color (light brown) and size (7.0-9.0 mm) in the pupa (Sugiura, S., personal observation). For each census I counted the number of elongating shoots that contained young leaves upon which E. gyrotis adults could potentially lay eggs and their larvae could exclusively feed. The number of elongating shoots was considered as an indicator of the amount of young leaves available as the food source for E. gyrotis. The young leaves, whose colors were reddish or light green, were easily distinguished from mature leaves.
At the new plantation, the seasonal abundance of E. gyrotis larvae and pupae was also studied. All the trees (Nϭ120) were examined before the abundant E. gyrotis larvae were found. When E. gyrotis larvae or pupae were found, I counted their numbers of them and examined whether its larvae were parasitized or not in the field. Although it was difficult to examine if they were parasitized in the field, I investigate the parasitism by identifying the cocoons of larval parasitoids, Apanteles sp. and G. japonicus, on the basis of morphological characteristics: one white cocoon of Apanteles sp. and many brown cocoons of G. japonicus per host (Sugiura and Osawa, 2001) . After E. gyrotis larvae or pupae became abundant, I collected them on five randomly selected plants to examine the parasitism. For each census I also counted the number of elongating shoots containing young leaves on a host plant. I used different sampling methods before and after the immigration of E. gyrotis to avoid the effect of the sampling on the migrating host population.
All the larvae and pupae of E. gyrotis and parasitoids collected from the roll were individually reared in plastic petri dishes (90 mm in diameter, 15 mm in height) containing young leaves of M. rubra and wet tissue paper under laboratory conditions Osawa, 2001, 2002) . I supplied fresh young leaves and replaced the paper at intervals of 1-3 d. The developmental stages of the larvae and pupae were checked at intervals of 1-3 d. When the adults of moths or parasitoids emerged, I made all the insect specimens for identification.
Data analysis. The total number of E. gyrotis larvae and pupae and elongating shoots of M. rubra at both sites were estimated by multiplying their respective numbers per plant by the total trees at each site. The number of E. gyrotis and elongating shoots of M. rubra ranged over several orders of magnitude, and they included zero values occurring in every sampling day. Therefore, the number was added to one and then log-transformed. Peason's correlation test was used to compare the seasonal changes in the number of E. gyrotis larvae between the new and old plantations. A linear regression model was used to analyze the relationship between the density of E. gyrotis larvae and the number of elongating shoots per host plant. 
RESULTS

Variation of the density of E. gyrotis larvae in relation to the amount of young leaves of host plants
A total of 1,305 E. gyrotis larvae plus pupae were collected at the old plantation in 1999. The relationship between the number of E. gyrotis larvae and that of elongating shoots containing young leaves per host plant is shown in Table 2 . For all pooled data, the slope was significantly positive (Table 2) . For each sampling, the slopes were positive in ten out of 11 samplings, five of which had significantly positive slopes (Table 2 ). This indicates that the density of E. gyrotis larvae depended on the amount of young leaves per host plant.
Seasonal change in the amount of young leaves of host plants
M. rubra began to produce young leaves in early May at the old plantation, but did not produce them until late May at the new plantation (Fig. 2) . After late May, M. rubra continuously produced young leaves at both the old and new plantations (Fig. 2) . Therefore, the young leaves of host plants, which are necessary for E. gyrotis larvae as a food, were abundant at both sites in late May.
Seasonal changes in the number of E. gyrotis larvae plus pupae
At the old plantation, the larvae of E. gyrotis were first found in late May (Fig. 3a) , and then E. gyrotis repeated some generations (Fig. 3a) . At the new plantation, larvae of E. gyrotis were not detected until late July (Fig. 3b) , but thereafter the seasonal change in the number of E. gyrotis larvae was similar to that at the old plantation (rϭ0.86, Nϭ7, pϽ0.05).
Parasitoids attacking E. gyrotis at the new plantation
At the new plantation, cocoons of Apanteles sp. were observed in the rolls of E. gyrotis in late July when the larvae of E. gyrotis were detected for the first time (Table 3) . In early August, larvae of G. japonicus feeding on an E. gyrotis larva were also observed (Table 3) . Furthermore, Apanteles sp., G. japonicus, and B. excarinata were observed to emerge from the E. gyrotis larvae and pupae sampled after early September (Table 3) . These observations showed that Apanteles sp., G. japonicus, and B. excarinata attacked E. gyrotis larvae and pupae just after the immigration of E. gyrotis to the new plantation.
DISCUSSION
The density of insect pests at a site is determined by two phases of the population process: (1) immigration of the pest from other habitats, and (2) the survival rate of species growing at the site (Yamamura and Yano, 1999) . I investigated the immigration of a leafroller, E. gyrotis, to a new habitat by comparing the occurrence patterns of the larvae and pupae between a new and an old plantation. To clarify the effects of food resources and natural enemies on the immigration process of E. gyrotis, I also investigated the amount of food available for E. gyrotis and the parasitism rate on it at the new plantation.
Immigration of E. gyrotis to the new plantation
E. gyrotis larvae exclusively feed on the young leaves of M. rubra (Sugiura and Osawa, 2001 ). This habit coincides with the result that the number of E. gyrotis larvae per tree significantly correlated with the amount of young leaves per plant (Table  2) .
M. rubra produced young leaves in late April at the old plantation every year (Sugiura and Osawa, 2001) . At the new plantation, M. rubra trees started to produce young leaves in late May (Fig. 2) since they had been planted in March. However, after late May, M. rubra continued to produce young leaves at both the new plantation and the old plantation (Fig. 2) . At the old plantation, E. gyrotis larvae occurred from late May (Fig. 3a) , showing the same occurrence pattern recognized in 1998 (Sugiura and Osawa, 2001 ). On the other hand, at the new plantation, no larvae had been found by late July (Fig.  3b) , although young leaves of M. rubra were abundant in late May (Fig. 2) . Since no M. rubra grew in the surrounding area, E. gyrotis adults that had emerged from the old plantation may have immigrated to the new plantation and laid eggs on the host plants in July.
Establishment of an E. gyrotis population in the new plantation
At the new plantation, the seasonal change in the number of E. gyrotis larvae after immigration was similar to the seasonal change at the old plantation (Fig. 3) , suggesting that the E. gyrotis population was successfully established just after the immigration to the new plantation. This rapid population growth at the new plantation may have been caused by the continuous migration of E. gyrotis adults from the old plantation.
At the new plantation, Apanteles sp., G. japonicus, and B. excarinata were recorded as the primary parasitoids of E. gyrotis larvae and pupae (Table 3) . These parasitoids were also dominant at the old plantation Osawa, 2001, 2002) . Apanteles sp. was observed to parasitize the larvae of other polyphagous leafrollers on M. rubra in June at the new plantation (Sugiura, S., personal observation). G. japonicus and B. excarinata have been reported to attack various lepidopteran species (Habu, 1960; Momoi et al., 1975; Yukinari, 1984; Mao and Kunimi, 1991; Ueno and Tanaka, 1994; Sugiura, unpublished data) . Therefore, the parasitoids recorded at the new plantation were thought to be polyphagous. These polyphagous parasitoids might have switched hosts from other lepidopteran species to E. gyrotis, just after E. gyrotis immigrated to the new plantation. It is important to detect the parasitism by polyphagous parasitoids in the early stage of pest immigration. Among them, Apanteles sp. may be an important enemy of E. gyrotis, since the parasitism is temporally density-dependent (Sugiura and Osawa, 2002) . However, it appears that parasitoids did not prevent the establishment of an E. gyrotis population at the new plantation because E. gyrotis adults continued to migrate from the old plantation.
Therefore, this study suggests that (1) E. gyrotis population growing at the old plantation caused rapid population growth at the new plantation, and (2) polyphagous parasitoids switched hosts from other lepidopteran species to E. gyrotis, just after E. gyrotis immigrated to the new plantation.
